It is almost a statistical truism that the number of cells on each square of a haemocytometer is distributed in a Poisson series, but in fact it is easy to show that the distribution departs considerably from the theoretical expectation. The reason, perhaps, is that the experimental work confirming this theory was done on the old well type of haemocytometer, whereas the Burker counting chamber is now universally used, and adds new and less predictable variations to random sampling.
My attention was drawn to this point by a statistically controlled series of leucocyte counts on Biirker counting chambers with the Neubauer ruling. I counted, as is usual, the number of cells on four areas of one square millimetre at the corners of a square with a side of three millimetres, and recorded the four sub-totals separately. Over the whole series, the two squares nearest to the.filling point of the chamber gave nearly identical totals 3.5 per cent below the mean value for all four squares, and the two further squares similarly gave nearly identical totals 3.5 per cent above the mean value. The difference was statistically highly significant. It seemed worth while to test the extent of this deviation from the theoretical Poisson distribution, and to see whether it might be a source of error in blood counts.
Methods
The Burker counting chambers used were by several different manufacturers, but all had some variety of Neubauer ruling. The cover-slips were from 0.4 to 0.5 mm. thick, and their position on the chambers was fixed by reference to permanent marks.
Blood from a finger-prick was diluted 1/10 in a leucocyte pipette with 2 per cent aqueous acetic acid coloured with 50-mg. of crystal violet per 100 ml. The contents of the pipette were mixed by vigorous shaking for two' and a half minutes, half the contents were rejected, and the counting chamber was filled with care to avoid bubbles and over-filling. The chamber stood on a perfectly flat surface until the leucocytes had settled.
Areas of 0.1 sq. mm. on the counting chamber were defined by means of an eye-piece graticule and a *-inch objective, and the mechanical-stage vernier was used to set the fields of observation in rows 1 mm. apart across the length of the chamber. In each row the cells were counted in nine fields with their centres 0.5 mm. apart. In this way the whole filled area of the counting chamber was covered by a grid of observations with its boundaries 1 mm. from the edges of the cover-slip and the troughs.
The numbers of leucocytes observed in the grid of areas was entered into a table of equidistant columns along the length of the chamber, and of equidistant rows running across the chamber. The totals for the nine columns over a large series of separate counts did not differ significantly, that is, the side-to-side variation in the leucocyte distribution did not differ from expectation. It was, therefore, possible to measure lengthwise variation in the leucocyte distribution simply by reference to the "row" totals, which were large enough to prevent the Poisson distribution from interfering with the analysis of variance.
With each chamber and length of cover-slip the counts were repeated until 500 to 800 cells had been counted in each position along the length of the chamber. The "row" totals in each count formed the basis of the statistical analysis. In all, some 150,000 leucocytes were counted. 6138.0***" subnormal , 9.48* e,13.01** f,6.25*.
All the terms except the quadratic are significant.
The conclusion is that the variation in leucocyte distribution along the counting chamber cannot be represented by a straight line, but demands a quartic polynomial. This is a curve with a maximum towards either end of the cover-slip, as is shown in the subsequent figures.
It has often been surmised that the lines of the ruled area disturb the cell distribution on the counting chamber, but no significant effect was demonstrated in these observations. Fig. 2 contrasts the leucocyte distribution when the ruled area was under the centre of the cover-slip and when it was near to either end. The difference between the three curves is no greater than would be expected from random variation. The total length of counting-chamber under the cover-slip has a considerable effect on the shape of the leucocyte distribution curve (Fig. 3) 
Double-ceil Counting Chambers
The leucocyte-distribution on double-cell counting chambers (with a central trough and two ruled areas) varies in a very similar fashion (Fig. 4) . Again the rule holds that the leucocyte density reaches its mean half-way along the coverslip. The cover-slip should therefore be so placed that its edge and the edge of the central trough are equidistant from the centre of the ruled area. This is easily ensured by a suitable technique to fill the counting mark the chamber with real accuracy, but the leucocyte distribution on the counting chamber i reasonably well with that obtained by the ary method (Fig. 5) . , true explanation of the uneven leucocyte )ution on the counting chamber seems to be ift of the leucocytes along the chamber. When the chamber is filled, the leucocytes, having a greater density than the diluting fluid, will continue to flow forward after the fluid has stopped. The higher above the surface of the counting chamber a cell is when filling is completed, the further along the chamber the cell will float before it settles. Thus the nearer end of the chamber will lose leucocytes which will concentrate towards the further end.
This Thus the longer the area of counting chamber filled, the less will be the error from small inaccuracies in placing the cover-slip.
We should therefore make some new rules for blood-counts. With single-cell chambers the coverslip should cover as much as possible of the chamber, and should be so placed that the ruled area lies exactly under its centre. With double-cell chambers, since both sides will normally be used together, the cover-slip should be of such a length that both ruled areas lie midway between an edge of the cover-slip and the nearer edge of the central trough. The ruled area should be as far as possible from the central trough, so long as it can still be centred under the cover-slip. Finally, when the cover-slip has been properly placed it is still necessary to remember the steep change in leucocyte density across the ruled area, and to count squares symmetrically disposed about the centre.
It is probably not possible to use the leucocytedistribution curves obtained above to obtain a precise correction factor when the ruled area is not truly central. The central position of the mean value seems to be constant, but the shape of the curves must be influenced by many factors such as the viscosity of the diluting fluid and the rate of evaporation.
It seems, from a limited number of experiments, that the red-cell distribution on the counting chamber varies in a similar way to the leucocyte distribution. The slope of the curve is less, but the rule holds that the mean value is reached in the centre of the filled area. Summary 1. The density of leucocytes per unit area on the counting chaTmber increases progressively from the point of entrance of the fluid along the length of the chamber.
2. The cell distribution in a narrow segment across the chamber obeys the Poisson law.
3. The curve of the leucocyte distribution along the chamber has two maxima, and statistically is adequately represented by a quartic polynomial.
4. The position of the ruled area does not affect the shape of the leucocyte-distribution curve.
5. The mean value for the leucocyte density per unit area is reached at the centre of the filled area of the chamber.
6. The rate of change in the leucocyte density is less the longer the filled area ofthe counting chamber.
7. The variation in the leucocyte distribution is not due to bending of the cover-slip, nor to any change in the cell distribution in the pipette before the chamber is filled. It appears to be due to the drift of the leucocytes caused by their initial forward impetus and subsequent convection currents.
8. Recommendations are made to counteract errors due to variation in the leucocyte distribution.
9. The distribution of red cells on the counting chamber follows similar laws to the distribution of leucocytes. REFERENCE Fisher, R. A., and Yates, F. (1943) . " Statistical Tables for Biological, Agricultural, and Medical Research," 2nd ed. Oliver and Boyd.
London.
